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(71) We, Esso Research and En- 
gineering Company, a Corporation duly 
organised and existing under the laws of the 
State of Delaware, United States of Amcnca, 

5 of Linden, New Jersey, United States of 
America, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

10 by the following statement: — 

This invention relates to 'improvements in 
processes based on catalytic reactions involv- 
ing oxidation of a hydrogen halide to release 
free halogen, or to halogenate organic com- 

15 pounds in situ. In particular, it relates to im- 
provements in such processes wherein the 
catalysts employed are those wherein the alka- 
Hne, alkaline earth, or other moral ions of a 
13X molecular sieve support are exchanged 

20 by metals which are active for hydrogen halide 
oxidation and oxyhalogenation reactions. The 
improved process has particular utility in fixed 
bed oxidation reactions with hydrogen chloride 
or hvdrogen bromide, including particularly 

25 oxychlori nation and oxybromination reactions 
to produce organohalides. 

Large quantities of by-product hydrogen 
halides are produced by the chemical process 
industries, and such production is increasing 

30 annually. Present processes arc ineffective in 
convening the hydrogen halides to the free 
halogen, or in effecting the in siftu halogena- 
non of organic compounds, e.g., hydrocarbons. 
Consequently, the generation of such products 

35 often represents waste and, worse, even creates 
disposal problems. 

Numerous processes are described in the 
prior art, especially those of the Deacon type, 
wherein supported active metal salts are used 

40 as catalysts to convert hydrogen halide to the 
free form as represented, e.g., by the follow- 
«ing equation wherein X represents halogen: 

4HX + O^ 2X2 -I- 2H2O 

In addition, processes are known wherein a 
[Price 2Sp] 



suitable compound, e.g., an organic compound, 45 
is introduced with the hydrogen halide and 
oxygen, or oxygen-containing gas,, so that the 
compound is halogcnatcd. In such reactdon 
the halogen, in some form, is generated in situ, 
and used to halogenate The added compound. .$0 
The oxyhalogenation of representative hydro- 
carbons can thus be illustrated as follows: 

C.H, + HX + 1/2 0. C^H.X + H=0 

C,H, HX + 1/20.-^ C,H3X + H>0 

C.H, + 2 HX + 1/2 Oo C,H,X, + H,0 55 

C,H,. + 2 HX + 1/2 O2 C^H.X, + H.O \\ 

C,H« + HX + 1/2 Oo C,H,X + ILO 

A major problem in such reactions is asso- 
dated with the volatility of the metal halide 
salts which are used for impregnation of the 60 
suppK>rts. The metal halide saks are lost with 
the gases which evolve from the process. 
Efforts have been made to overcome this prob- 
lem. For example, rare earth metal halides 
have been added to reduce the vapor pressure 65 
of the active metal halide deposited on the 
support. Also, fluidized beds have been cm- 
ployed to provide better heat distribution and 
thus prevent the formation of hot spots which 
aggravates the tendency toward volatilization. 70 
Such efforts, however, have been only partially 
successful. Higher activity and longer catalyst 
life are also desired. Efforts to increase acti- 
vity, e.g., by addition of earths, refractory 
materials, porous clays and the like w^ith the 75 
catalyst to absorb water, have been only parti- 
ally successful. 

The present invention uses catalysts where- 
in salts of metals active for oxidation of hydro- 
gen halides or oxyhalogenation reactions are 80 
deposited or exchanged on a 13X zeolite 
molecular sieves in place of the alkaline, alka- 
line earth, or other metal ions of a molecular 
sieve suppon. The resulting cation exchanged 
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molecular sieves arc excellent catalyses or 
hydrogen halide oxidation or oxyhalogenaition 
reactions. The normal catal>-iic aaiviiy is en- 
hanced, and the catalyst can be used for long 
5 pS of time. The said ^c«ve metals are 
Sose of Groups IB, IIB, VB, VIB, VIIB 
VIII and the rare earth mcials of Oroup 
IIIB of the Periodic Table of Elements. 

Catalysts suitable for he pracace of this 
10 invention arc formed by if^roducmg active 
metals into the internal adsorpV-on area of 
13X zeolitic molecular sieves, whether natural 
or synthetic. Preferably, the active metals are 
exchanged for the inactive species of the sieve. 
15 A satisfactory method of accomphshmg this 
is to contact the sieve intimaiely w.ih an 
aqueous solution of a water-soluble salt of the 
mcval to be deposited in the mtemal adsorp- 
tion area. The metal cations or inactive speaes 
20 of the sieve are exchanged for tho«e of the 
aqueous solution. Following this, the zeolmc 
molecular s eve is separated from the aqueous 
exchanging solution and dried. This step can 
be conveniently accomplished by washrng the 
sieve with water to free it from die exchanging 
solution, and then drying at suffiaent tempera- 
ture, e.g., at about 500<»F., to remove virtually 
all of the water. 

The reason for the effectiveness of these 
30 catalysts is not known. It is bcKeveJ, I'owcvcr, 
Jhat the reactions largely ^^ke place withm 
the internal adsorption areas of the 13X moie- 
cular sieves, the exchanged metal ion forming 
partial halides, in situ, as reactive itKer- 
35 mediates which decompose to liberate elemen- 
tal halogen Whatever the mechanism, how- 
ever, metals of salts of the Deacon type, such 
as, e.g., the halides of copper, iron, chromium, 
manganese, rare eardi ^^^l^, and Uie like, 
40 when depociited or exchanged wichin the mole- 
cular sieves, exhibit remarkable activity and 
cxcepiioaal stability. In fact, the activity is 
enhanced as contrasted with similar mei^l alts 
deposited on conventional supports, and ottcn 
45 the activity of a kno^vn low activity speaes 
is increased sufficiently to be considered highly 

*^The 13X molecular sieves useful for the 
practice of this invention are, for example, 

50 those described in U.S. Patents 3,013,982 to 
ITS 3,013,987. These patents also describe 
various methods for deposition and exchange 
of ions. In the express=ons "13X zeohnc mole- 
cular sieves" and "13X molecular sieves the 

55 letter "X" is used to distinguish the inter- 
atomic strucmre from that of other types 
ffor example the "A" type), and the terms 
"zeolitic molecular sieves" or molecular 



sieves" arc employed heitr.n to mean sieves 
consisting of three-dimensional J"n;»eworks of 60 
SiO. and AlO, tetrahedra, cross-linked by the 
sharing of oxygen atoms. The tenns thus ex- 
clude clays, for example montmorillonitc antl 
other bcntonitic clays. The electro-valence of 
the tetrahedra containing aluminuin is 03 
balanced by the inclusion in the crystal ot a 
cation, e.g., an ion of an alkali, alkaline earth 
metal, ammonia, amine complexes or hydro- 
gen. Such cations can be exchanged for 
cai. ons known to be active for hydrogen halide /U 
oxidation or oxyhalogenarion reacnoiis by 
eenerally conventional techniques- Suitably, 
aqueous solutions of the salts of active metals 
arc used to treat the 13X molecular sieves, and 
the inactive metal species of the sieve is thm 75 
exchanged by transition metals of Group IB 
metals such as copper, silver and gold; Group 
IIB metals such as zinc, cadm.um ana 
mercury; Group VB metals such as vanadium, 
Sm and antalum; Group VIB metals 80 
such as chromium, molybdenum and tungsten; 
Group VIIB metals such as manganese, tecn- 
netium and rhenium; Group VIII metals such 
as iron, cobalt, nickel, ruthenium, rhodium, 
palladium, osmium, iridium, and plann""*' 
and the rare earth metals of Group IIIB. In 
preparing the aqueous solunon for ion ex- 
change, salts of amphoteric metals can be dis- 
solved in acidic or basic solutions, while other 
metal salts can be dissolved in w^kly acidic 90 
solutions. The salts may also be dissolved m 
non-aqueous organic solvents. The salts can 
be used in any convenient form, e.g., as 
halides, sulfates, nitrates, or coordination com- 
plcxes, i.e., amines or ethylene diamine tetra- ^ 
acetic acid salts. After completion of the 
exchange, the sieve is dried to remove v?ater 
or other adsorbate molecules. 

The activated catalyst can be used in the 
reactions as a fixed bed or moving bed, or 
can be fluidized. Use of the catalysts as fixed 
beds offers unique advantages inasmuch as 
the catalyst is non-volatile. 

The invention will be better understood by 
reference to the following examples which lua 
present illustrative data wherein the chloride 
salts of copper, iron, and chrontkium are ex- 
changed from acidic aqueous solunon on 
13X-tvpe molecular sieves, the sodium being 
exchanged for these metals. These 
compared with conventional caraljrets in fixed 
bed reacrions. It is shown that the resultmg 
cation-exchanged molecular sieves are excel- 
lent catalysts for hydrogen chloride oxidation. 
The catalysts last for long periods of ame, 115 
and superior chlorine yields are obtained. 
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Examples 1 — 3 

HYDROGEN CHLORIDE OXIDATION USING TYPICAL CATALYSTS 

HQ/O, = 1/0.25 moles; HQ Space Velocity = 80 V/V/Hr. 
^ ' Temperature = 900»F.; Catalyst as Indicated 



Percent Chlorine Yield With 



Example 



Catalytic Metal 
Ion and Salt 



Catalyst Metal Ion 



Catalyst Metal 
Ion on 13X 
Molecular Sieve 





None 


4.0 


0 


1 


Cu++ (CuQ,) 


50.5 


69.0 


2 


Cr+++ (CrCla) 


14.5 


61.0 


3 


Fc+++ (FeOa) 


12.8 


64.0 



In the above table. Column 2 shows the 
catalytic metal ion (and original salt) ex- 
changed on the molecular sieve. Columns 3 
and 4, for omiparative purposes, show me 
chlorine yield of conventional catalysts vis-a- 
vis the catalysts of the present invennon, re- 
spectively. Thus, dn Column 3 there is shown 
thT results obtained by use of convenuonal 
caralysts wherein the respective mdtal is de- 
posited on an alumina support. In Column 4 
Acre is shown the results obtained wherein die 
metal is ion-exchanged with a 1 3 X-iype mole- 
cular sieve. In all instances, as will be 
observed, the yield of chlorine im the lacttr 
instance is far superior to the yield obtained 
when utilizing conventional catalysts. In fact, 
the activity of catalyst which is normally low 
exceeds that of catalysts which are normally 
very high. 

Example 4 
In the following example, a typical catalyst 
preparation is described and comparanve data 



are given to demonstrate the improved cata- 
lyst Uf e obtained by virtue of the lon-exchange 

Fifty grams cupric chloride is dissolved in 
200 ml. of distilled water, and to this solu- 
tion is added a solution of ammomum 
hydroxide which completely converts the 
cupric (Cu-^*) ion to the cupra-amme com- 
plex ion. One hundred grams of dry, mole- 
cular sieve 13-X (sodium form) is then added 
lo the above amine complex solution, the 
solution is heated to 60°C. and the mixnire 
stirred for 30 minutes. After this time it is 
allowed to stand and the supernatant solu- 
tion drained. The exchanged sieve is thai 
washed with distilled water until free of the 
copper ion- All washinp are coUecJied, and 
analyzed for Cu++, Na+ and CI" ions to 
determine the amount of copper ion exchan^. 
The sieve is dried at 500°F. for 4 hours. The 
catalyst is then used in a fixed bed hydrogen 
chloride oxidation reaction, as tabulated 
below: 
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CATALYCT LIFE IN HYDROGEN CHLORIDE OXIDATION 

HCl/Os = 1/0.25 Moles 
Temperature =- 800 °F. 

Percent Chlorine Yield with 



Time on Feed, 

^QUfs CuCla on AijUj 


Cu-^+ on Molecular 
Sieve 13X (Linde)* 


1 50.5 


72.5 


. . . 4 8.40) 


69.5 


17 ^ 


73.0 


(v\ At the end of four hours aU the CuOa 
^ ^alumina base; hence, the very poor yield. 


had sublimed away from the 


*"LlNDE" is a registered Trade Mark. 
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c Temperatures for the reactions gcncraUy 

Example 5 , - _ ,,«Jr to ISOO^F, and preferably range 

The use of cation-exchanged molecular sieves range up^to 150U l-^an ^^^^^^ 

to 5,e oxyhalogeaadon of hydrocarbon .sc^; ™ralirfro;n Atmospheric to 250 psig, and 

ve,?^tlyVSatedbydie f^^^^ |Xably Tto 15oVg. Tcmper^iture and 

Ethylene. hydrog«i chlonde ^^^^^ '\ ^ressu^.'^ho^ever, are largely detennmed by 

mole ratios of \/^fO'^ ^^e passcu ^"^^ *r nature of the parucular reactions. 

'^p^ invention i, (-''SK? ^ ^^■;:.f^rS.d"ZSi ^td.'S^^J^ 



45 



50 



55 



20 



cibir atiUty in fixed bed reacaons. It «s al» 
SSctSrlT" useful for the halogenaiion of 
SSSSSns such as pamffins^for e««^pk, 
mSmie, ethane, propane^ peritane, heptane 
S,d he^c; aUphaticaUy unsaturated com- 
SundS^' exSnple, ethylen^ propylene, 
TlSitti^e 2-methyl-l-butene, 3-hexcne, 4- 
mSiyl-3-he' t^e, Vmethyl-4-octene, 2-butyl- 
^Sie, 1 3-butadiehfe, 2,3-hexadiene, 1^2- 
H^r^dltie 3.melchyl-l,5-octadiene, acetylerte, 
S^^l^e ^ cyclobutylene; and aro- 
maS? cSpounds, e.g., benzene, toluene and 

^Tu?ta»izing agents .are o^g^, ^jr 

ozone, or other o^g=^-'^e''I^"'"L!!!t£; ^! 
mole ratio of oxygen-to-habde gaicially rai- 
ployed ranges from 0.1:1 to 3:1, and pre- 
ferably from 0.2:1 to 1:1. 

InOT diluents, such as nitrogen, helium, 
incn. B<» V" ' ;„ irh<> reaction. 



30 



35 



40 



vcrocai vessel aim cmiv-v* — . 
metal ion solution to exchange *e latter for 
sodium, followed by repeated washings wiA 
diidlled water. The ion-exchanged sieve is 
then heat dried to remove water. . . •„ 

The active metal can also be deposited.in 
the molecular sieve by ion «change^w.th 
organic solvent soluble salts of the active metd, 
or organic solvent soluble metal complexes of 
the active metal. 

WHAT WE CLAIM IS:— 

1 A process for producing a halogen, 
wherein a hydrogen halide and oxygen are 
contacted together and reaped m the prcsena 
of an active catalyst which is a 13X mole- 
cular sieve and in which is deposited or ex- 
changed a metal selected fro™ o»\f„?* 
& IB. IIB. VB, VIB, VIIB. VIII and 
the rare earth metals of Group IIIB. of the 
Periodic Table of the Elements. 

2 The process of Claim 1. wherein an 
oxygen-containing gas and a hydrogen halide 
are reacted in the presence of a hydrocarbon 
compound imder conditions whereby the latter 
is halogenated. ^ , 

3 The process of Claim 1 or 2. wherein 
the "metal is deposited within the molecular 
sieve by ion exchange with a water-soluble 
salt of the said metal 



is 



60 



65 



Jll^iZ ^ used in ^e r«^r. ^^J^^^^^^ h^dr^g^ 'halide 

The mile ratio of «i;^"JS^.-50;^^f \ ^1^^^ a^^SuSed in t^e pr^ence of a hydrocarbon 
emoloved ranges from 10 - 1 » ^ ^, f , - * *- — '^^ 

Slv 5: 1 S 1 : 1, or more preferably 4: 1- 
*^^ce velocities based on the bydrog«i 
halide employed in the reaction range between 
to 10 V/V/Hr., and preferably from 
200 to 50 V/V/Hr., or mote preferably from 
150 to 100 V/V/Hr. 
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^4. The process of Claim iTr 2 wherein V^^on 'is^nS"« a'Sj: 

the metal is deposited within the mo^Ur J^^^^e 5(5^F to lOOO-F. and 

&ie:nt!SS^saro^f ^r;?^^^^ theW -osphe^c to 250 

SmpTex of the sail metal, and the sieve then "-J-i^V herem d^^^.^^ ^^^^^ ^ 

,0 dried to obtain an acuve catalyst substantially as described herein with refer- 30 

15 wherein the reaction is conducted with a m any preceding claim. 

fixed bed of catalyst. j VERYARD, 

8. The process of any preceding claim ^J^^ ^^^^ 1 

wherein the metal is copper, iron or ^^^^ AppUcams. 
chromium. 

which copies may be obtamea. 
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